Fertilization of both egg and central cell is a major distinguishing feature of flowering plants. Now, Maruyama et al. report a third cell fusion event between the persistent synergid and the fertilized central cell shortly after double fertilization in Arabidopsis. This causes rapid dilution of pollen tube attractant(s), preventing polytubey.
Almost 120 years ago, Sergei Gavrilovich Navashin (1898) and Lé on Guignard (1899) described independently for the first time that two fertilization events occur in lily, a major model plant at that time. The universality of this observation was confirmed in numerous flowering plant species (angiosperms) and is now widely considered as a major feature distinguishing angiosperms from all other organisms. During the double-fertilization event, one sperm cell fuses with the egg cell, forming the embryo, and a second sperm cell fertilizes the central cell, which develops into the endosperm. This sounds simple, but fertilization in angiosperms is a very complex process: the two genetically identical and immobile sperm cells are transported via the pollen tube over long distances (e.g., up to 30 cm in maize) through the maternal tissues of the flower in order to deliver them to the ovule. Many hurdles have to be taken before the pollen tube finally arrives at the embryo sac harboring the two female gametes, egg and central cell, as well as a number of accessory cells, including two synergids (Figure 1) . The synergids are known as gland cells playing a leading role in pollen tube attraction and sperm release (for review, see Dresselhaus and Franklin-Tong, 2013) . In species like the model plant Arabidopsis, usually only one pollen tube arrives at the embryo sac and communicates with the synergids until the tube tip bursts simultaneously with the first synergid, termed receptive synergid. A block to polytubey (arrival of excess pollen tubes) is established soon after fertilization and minimizes the risk of polyspermy (fusion of a female gamete with multiple sperms). However, plants are capable of attracting multiple pollen tubes-for example, when gamete fusion fails-to maximize reproductive success. In Arabidopsis, the second synergid, persistent synergid, was shown to be responsible for polytubey in the case of fertilization failure and continues to attract pollen tubes until it degenerates (Beale et al., 2012; Kasahara et al., 2012) . It was further indicated that successful double fertilization induces a block to polytubey and thus avoids the delivery of additional sperm cells to the embryo sac. But how is this block to polytubey established? Nature has an astonishingly simple solution for this problem, which is now reported in this issue of Cell by Maruyama et al. (2015) : the persistent synergid fuses with the huge fertilized central cell (about 20 times larger volume, which even quickly increases after fertilization), and thereby pollen tube attractants are rapidly diluted. This peculiar phenomenon was named as synergidendosperm fusion (SE fusion; Figure 1 ).
Using various fluorescent markers to label the cytosol, mitochondria, and endoplasmic reticulum, Maruyama et al. show by time-lapse imaging the mixing of persistent synergid and endosperm cytoplasm about 5 hr after fertilization, when the fertilized central cell or primary endosperm nucleus starts to divide. They further show fusion of plasma membranes of both cells, which was never observed in unfertilized ovules. Even more important and significant are the experiments in which they investigate the quick dilution of the pollen tube attractant AtLURE1 (Takeuchi and Higashiyama, 2012) . AtLURE1 signals quickly decrease in the degenerated receptive synergid after sperm release but remain high in the persistent synergid. A rapid decrease of AtLURE1 signals was observed to coincide with the measurements of the dilution of cytoplasmic components. The attractant disappears almost completely within 36 min after initiation of SE fusion, a time point when the primary endosperm nucleus divides. The induction of SE fusion and thus rapid dilution of AtLURE1 into the early developing endosperm is sensed by fertilization success of the central cell, but not by the egg cell. However, the fertilized egg cell contributes independently to a block of polytubey as it induces rapid disintegration of the persistent synergid nucleus via an unknown ethylene response pathway and thereby additionally attenuates AtLURE1 production. In conclusion, Maruyama et al. use cutting-edge microscopic imaging of the double-fertilization process to show the establishment of a block to polytubey by two independent mechanisms (SE fusion and induced synergid nucleus disintegration), thereby eliminating the persistent synergid and its function(s) in the model plant Arabidopsis.
The timing of this block (5 hr after fertilization and 10 hr after pollination) appears late but is sufficient in Arabidopsis, as the arrival of secondary pollen tubes was reported to occur 16 hr after pollination (Kasahara et al., 2012) . However, this observation indicates that additional mechanisms exist, such as the direct or induced release of repellents by the first leading pollen tube, that require degradation or removal until secondary pollen tubes are attracted. Moreover, it will now be important to determine the extent to which generalizations can be made. Absorption of the synergids by the developing endosperm was also reported, for example, in Capsella bursa-pastoris (Schulz and Jensen, 1968) , indicating that this mechanism exists in all Brassicaceae species. But is this finding also relevant for other plant families, such as the economically important Gramineae (grasses)? In grasses, multiple pollen tubes arrive almost simultaneously in the vicinity of the embryo sac (Lausser et al., 2010) ; therefore, a polytubey block has to be established within seconds or minutes to repel excess pollen tubes. This quick reaction cannot be achieved by SE fusion or by synergid disintegration. Moreover, in plant species with more than two synergids, such as the extant most basal angiosperm Amborella trichopoda (Friedman and Ryerson, 2009) , it remains to be investigated whether persistent synergids are all eliminated by the same mechanism. Nevertheless, SE fusion may also exist in plant species lacking a block to polytubey to remove excess synergid cells-for example, to provide more space in the embryo sac for the developing embryo. The elimination of cells is not novel, as it is a prerequisite in many tissues and organs during animal and plant development as well as during reproduction. However, the excitement about the present study is the observation that a highly active signaling cell is consumed by a much larger cell, thereby quickly reducing the amount of secreted signaling molecules and the terminating function(s) of the absorbed cell. It will now be interesting to find this connection in other cell fusions. In conclusion, this study has demonstrated once again how simple and unexpected nature sometimes solves biological problems. Maruyama et al. now show that a third cell fusion takes place after successful fertilization between the persistent synergid and the endosperm, the large fertilized central cell (3). The cytoplasm of both cells are mixed, and thus the pollen tube attractants quickly diluted. Additionally, disintegration of the persistent synergid nucleus is induced, thereby establishing a block to the attraction of excess pollen tubes.
